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SUMMARY
Leptin, a hormone secreted by adipocytes, plays an important role in the 
regulation of metabolism and reproduction. The effect of leptin is mediated 
mainly via the long isoform of the leptin receptor (OB-Rb). Expression 
of leptin and its receptor has been identiﬁed in the central nervous system
(e.g. hypothalamus, pituitary) and reproductive tract (e.g. uterus, ovary) in 
prepubertal gilts. Therefore, in the present study, the porcine OB-Rb expression 
was examined by a semiquantitative reverse transcription polymerase chain 
reaction (RT-PCR), in situ hybridization and Western blotting in the corpus 
luteum (CL) and ovarian stroma (OS) during the luteal phase of the estrous 
cycle (days 10-12 and 14-16) and two stages of early pregnancy (days 14-16 
and 30-32). The OB-Rb gene expression in both ovarian structures was higher 
during early pregnancy in comparison to the mid- and late-luteal phase of 
the estrous cycle. SigniﬁcantdifferencesinOB-Rbgeneexpressionbetween
the two periods of the pregnancy were observed only in OS. The results of 
in situ hybridization are generally supported by data of semiquantitative RT-
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PCR. The CL expression of leptin receptor protein was signiﬁcantly lower
during early pregnancy compared to the cycle. In OS, the OB-Rb protein 
content was higher during pregnancy compared to the late-luteal phase of 
the estrous cycle. In summary, the obtained results indicate that leptin may 
participate in the control of pig reproduction at the ovarian level and have 
a direct effect on the ovary during both, the luteal phase of the cycle and 
early pregnancy. Moreover, changes in OB-Rb gene and protein expression 
in ovarian structures strongly suggest that their sensitivity to leptin varies 
throughout the luteal phase of the cycle and early pregnancy. Reproductive 
Biology 2007 7 (1):17–39. 
Key words: leptin receptor, gene expression, protein concentration, corpus 
luteum, ovarian stroma, pig
INTRODUCTION
Leptin, an obese gene (ob) product, is an adipocyte-derived hormone which 
plays an important role in regulating food intake and energy balance [26]. 
Growing evidence indicates that this peptide is involved in the regulation 
of  reproduction  affecting  the  hypothalamic-pituitary-gonadal  axis  via 
endocrine, paracrine and/or autocrine pathways [7, 13, 15, 25, 40, 47, 50]. 
Leptin acts on target cells after binding to speciﬁc membrane receptors
that belong to the class I cytokine receptor superfamily [54]. There are six 
isoforms of leptin receptor derived from an alternative splicing of a single 
db gene transcript which are divided into three classes of leptin receptor: 
long (OB-Rb), short (OB-Ra, -Rc, -Rd, -Rf) and soluble (OB-Re). The OB-
Re consists only of the extracellular domain, whereas the other transcripts 
differ in cytoplasmic domain size [53]. The primary biological role can be 
attributed to the long form - containing a complete intracellular domain 
(303 amino acids) - capable of activating the signal transduction pathway 
through both the signal transducer and activator of transcription-3 (STAT 
3) and mitogen-activated protein kinases (MAPKs; [6, 8, 9]).
The  wide  pattern  of  leptin  and  leptin  receptor  expression  suggests 
very different functions of the hormone including control of reproductive 19 Smolinska et al.
processes such as ovarian steroidogenesis [1, 12, 51], ovulation [18, 45], 
menstrual cycle [36, 55] and pregnancy [41, 42]. Recently, both leptin and 
leptin receptor expression have been demonstrated in the central nervous 
system (hypothalamus, pituitary) and reproductive tract (uterus, ovary and 
placenta) of the pig [5, 24, 29, 33, 34, 43, 48, 49]. However, these studies 
were either limited to prepubertal gilts [33, 34] or were based on qualitative 
RT-PCR [5, 24, 43, 48, 49]. Thus, the purpose of this study was to compare 
the expression levels of porcine OB-Rb mRNA by semiquantitative RT-
PCR  and  in  situ  hybridization,  as  well  as  OB-Rb  protein  by Western 
blotting in ovarian structures during the mid- and late-luteal phase of the 
estrous cycle and during two stages of early pregnancy (days 14-16 and 
30-32).
MATERALS AND METHODS
Experimental animals
The studies were carried out in accordance with the principles and procedures 
of the Animal Ethics Committee at the University of Warmia and Mazury 
in Olsztyn. Sixteen gilts were assigned to one of four experimental groups 
(n=4 per group) as follows: the mid-luteal group (days 10-12 of the cycle), 
the late-luteal group (days 14-16 of the cycle) and two early-pregnant 
groups (days 14-16 and 30-32). Within 10 min after slaughter, corpora 
lutea (CL), ovarian stroma (OS) and medial basal hypothalamus (MBH) 
samples were collected. All tissue samples were frozen in liquid nitrogen 
and maintained at -80°C until RNA isolation.
RNA isolation and Semiquantitative Reverse Transcription-Polymerase 
Chain Reaction
Total  RNA  was  extracted  from  all  collected  tissues  using  the  Rneasy 
Mini  Kit  (Qiagen,  USA).  RNA  concentration  and  quality  were 
determined spectrophotometrically (Lambda Bio 10, Perkin Elmer, USA). 20 Leptin receptor expression in the pig ovary
Approximately 1 µg of RNA was reverse-transcribed into cDNA in a 
total volume of 20 µl with 0.5 µg oligo(dT)15 primer (Roche, Germany) 
using the Omniscript RT Kit (Qiagen, USA) at 37°C for one hour and was 
terminated by incubation at 93°C for 5 min. Complementary DNA was 
ampliﬁed by polymerase chain reaction (GeneAmp PCR System 2400,
Perkin Elmer, USA) in a total volume of 50 µl using 40 pmol of porcine 
OB-Rb sense and antisense primer pair (tab. 1). To provide an appropriate 
internal control, coampliﬁcationofGAPDHmRNAwascarriedoutineach
sample using the primer pair: 10 pmol of GAPDH-sense and antisense 
(tab. 1). Each reaction also contained 25 µl of HotStartTaq Master Mix 
(2.5 U HotStartTaq DNA Polymerase, 1×PCR buffer containing 1.5 mM 
MgCl2 and 200 µM of each dNTP) and 5 µl of the ﬁrst strand of cDNA.
The optimal number of cycles, ensuring the termination of ampliﬁcation
for  these  genes  in  the  log  phase  was  established  by  primer  dropping 
method [57]; 34 and 24 cycles were employed for OB-Rb and GAPDH, 
respectively. The PCR proﬁles consisted of an initial denaturing step at
Table 1. Primer pairs used for PCR of leptin receptor (OB-Rb) and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) genes, the length of PCR products and the 
Genbank access numbers 
PCR  
PRODUCT
SENSE
PRIMER
LENGTH OF 
FRAGMENT 
(bp)
ACCESS 
NUMBER
OB-Rb
GAPDH
5’-TCGGAAGATATCAGTGTTGA-3’
5’-CTGGCAAAGTGGACATTGTCGCC-3’
382
571
AF036908
SSU48832
PCR  
PRODUCT
ANTISENSE
PRIMER
LENGTH OF 
FRAGMENT 
(bp)
ACCESS 
NUMBER
OB-Rb
GAPDH
5’-TTGGGATGCTGATCTGATAA-3’
5’-CTTGGCAGCGCCGGTAGAAGC-3’
382
571
AF036908
SSU4883221 Smolinska et al.
95°C for 15 min, an appropriate number of cycles including: denaturing at 
94°C for 1 min, annealing at 58°C for 1 min, extension at 72°C for 1 min, 
and a ﬁnal extension at 72°C for 10 min. The MBH [29, 33, 34, 48] was 
used as a positive control for the gene expression. Negative controls were 
performed without reverse transcriptase or RNA. The PCR products were 
electrophoresed on a 1.5% agarose gel in Tris-borate buffer, visualized by 
ethidium bromide staining and pictures were saved as tif ﬁles by FOTO/
Analyst Achiever software (Fotodyne, USA). Product yield was determined 
using GelScan for Windows ver. 1.45 software (Kucharczyk, Poland). Data 
were expressed as a ratio of OB-Rb mRNA relative to GAPDH mRNA in 
arbitrary optical density units (OD).
Sequence Analysis
After isolation from gel, the PCR-ampliﬁed DNA was sequenced (ABI 
Prism™ BigDye™ Terminator Cycle Sequencing kit, ABI Prism 3777 
DNA sequencer, USA by DNA Sequencing and Synthesis Laboratory, 
Institute of Biochemistry and Biophysics, Polish Academy of Science) in 
both directions to conﬁrm the accuracy of ampliﬁcation. Comparison of
the PCR-ampliﬁed DNA sequence to that in the database indicated 100%
homology at the nucleotide level.
In situ hybridization 
Serial 6 µm sections of porcine CL, OS and MBH samples were cut on a cryostat 
(CM 3050, Leica, Germany), thaw-mounted onto poly-L-lysine-coated slides 
(Menzel-Glaser, Germany) and stored at -80ºC. For the hybridization, slides 
were thawed at room temperature (RT) and ﬁxedin4% paraformaldehyde for 
10 min followed by a wash in phosphate-buffered saline. The prehybridization 
treatment consisted of 10 min incubation in 0.25% acetic anhydride (Fluka, 
USA) in 0.1 M triethanolamine/0.9% NaCl and short washes in increasing 
concentrations of ethanol (70, 80, 95 and 2×100%).
The  antisense  oligonucleotide  primers  for  OB-Rb  used  for 
semiquanitative RT-PCR (5’- TTG GGA TGC TGA TCT GAT AA -3’) 22 Leptin receptor expression in the pig ovary
were used as the hybridization probe. The sense oligonucleotide probes 
(5’- AAC CCT ACG ACT AGA CTA TT -3’) were used as a negative 
control for hybridization speciﬁcity. The probes were labeled  with [35S]-
αdATP (Perkin Elmer, USA) at the 3’-end using terminal deoxynucleotidyl 
transferase  (Roche,  France)  and  puriﬁed using a Sephadex column
(Pharmacia Parenterals Plant, Sweden). The hybridization solution was 
prepared by mixing 50% formamide, 10% dextran sulfate, 1×Denhardt’s 
solution, 4×SSC (saline sodium citrate; 1×SSC is 0.15 M sodium chloride, 
0.015 M sodium citrate), 0.5 mg/ml salmon sperm DNA and 0.25 mg/
ml transfer RNA. Tissue sections were air-dried and incubated for 22 h 
with 100 µl of hybridization solution containing appropriate probes (107 
cpm/ml) under paraﬁlm coverslips at 42ºC in humidiﬁed chambers. After
hybridization, the slides were subjected to several washes in: 1×SSC for 
10 min, 2×SSC/50% formamide at 42-45ºC for 15 min, in 1×SSC for 15 
min, and ﬁnally in distilled water for 1 min. The slides were then serially 
dehydrated in 70, 95, and 100% ethanol and allowed to air dry. The [35S]-
αdATP-labeled  sections  were  dipped  into  LM-1  emulsion  (Amersham 
Biosciences, UK), exposed for 9 days at 4ºC, developed in D-19 (4 min), 
and ﬁxed in Fixer (5 min; Eastman Kodak, USA). In addition, the sections 
were stained with eosin/hematoxylin, dehydrated in grade series of ethanol 
(70, 96, 2×100%), and coverslipped with Entellan (Merck, Germany). All 
sections were photographed with the CH30/CH40 microscope (equipped 
with bright-ﬁeld and dark-ﬁeld microscopy) and the C-5060 WZ digital
camera  (Olympus,  Japan),  and  then  analyzed  by  densitometry  using 
analySIS 5 Soft Imaging System (Olympus, Japan). Data were expressed 
as the absolute values in OD.
Western blotting
The porcine CL, OS and MBH samples were homogenized on ice with a 
cold buffer (50 mM NaCl, 10 mM Tris-HCl, 5 mM EDTA, 30 mM sodium 
pyrophosphate, 50 mM sodium ﬂuoride, 0.02% sodium azide, 100 µM 
sodium orthovanadate, 1% Triton X-100, 1 mM phenylmethylsulfonyl-
ﬂuoride, 2 µg/ml leupeptin, 2 µg/ml aprotinin, 1 µg/ml pepstatin, pH 7.6) 23 Smolinska et al.
and incubated on ice for 30 min. The lysates were cleared by centrifugation 
at 10 000×g for 2×10 min at 4°C. The resulting supernatants were stored 
at -80°C for further study. The protein concentration was determined by 
the Bradford dye-binding procedure [11] with 0.5 mg/ml bovine serum 
albumin (BSA) as a standard.
Equal  amounts  of  tissue  lysates  (100  µg  OB-Rb  or  actin)  were 
solubilized in a sample buffer (100 mM Tris-HCl, 4% SDS, 20% glycerol, 
0.2% bromophenol blue and 200 mM dithiothreitol, pH 6.8) and heated at 
99.9°C for 3 min before being loaded onto 5% (OB-Rb) and 12.5% (actin) 
polyacrylamide gels. Electrophoresis (SDS-PAGE) was performed at 200 V 
and 15 mA/gel for 5 min followed by 80 V and 20 mA/gel for three hours in 
Tris-glycine buffer, pH 8.3 (Pharmacia Biotech, electrophoresis apparatus, 
USA). The proteins isolated from MBH were loaded as positive control. 
The  semi-dry  electroblotting  onto  0.45  µm  nitrocellulose  membranes 
(Whatman, USA) was performed at 80 V and 38 mA for 1.5 h in 48 mM 
Tris-39 mM glycine buffer containing 0.037% SDS and 20% methanol. 
The membranes were washed with 10 mM Tris, 150 mM NaCl buffer (pH 
8.0) containing 0.05% Tween 20 (v/v; TBST: washing buffer) and blocked 
for ﬁve hours at 4°C in TBST containing 5% skimmed milk powder. 
Next, the membranes were incubated for twelve hours at 4°C with goat 
polyclonal leptin receptor antibodies (Santa Cruz Biotechnology, USA) 
at a dilution of 1:100 or rabbit polyclonal actin antibodies (Sigma, USA) 
diluted 1:200 which were used as an internal control for equal loading as 
well as to quantify the OB-Rb protein. The membranes were then washed 
and incubated for 1.5 h at RT with rabbit anti-goat IgG for OB-Rb and goat 
anti-rabbit IgG for actin conjugated with alkaline phosphatase (Santa Cruz 
Biotechnology, USA; diluted 1:5000). Nonspeciﬁc fetal calm serum (MP
Biomedicals, USA) was used instead of primary antibodies to produce 
negative control blots. Immunolabelled bands were visualized using 4-
nitroblue  tetrazolium  chloride  (NBT)  and  5-bromo-4-chloro-3-indolyl 
phosphate  (BCIP).  The  OB-Rb  protein  concentration  was  quantiﬁed
by densitometry of immunoblots with GelScan for Windows ver. 1.45 
software (Kucharczyk, Poland). Data were expressed as a ratio of leptin 
receptor protein relative to actin protein in OD.24 Leptin receptor expression in the pig ovary
Statistical Analysis
All data reported as means±SEM were analyzed by one-way ANOVA 
followed by least signiﬁcantdifference(LSD)posthoctest(n=4).Statistical
analysis was performed using Statistica program (Stat Soft Inc., USA). 
The level of signiﬁcance was set at p≤ 0.05 for all analyses.
RESULTS
In the present study, leptin receptor gene and protein expressions and levels 
in porcine corpus luteum and ovarian stroma were compared between the 
mid- (days 10-12) or late-luteal (days 14-16) phase of the estrous cycle and 
early pregnancy (days 14-16 or 30-32).
Semiquantitative Reverse Transcription-Polymerase Chain Reaction
It was found that leptin receptor mRNA expression was more pronounced 
in CL during pregnancy (days 14-16 and 30-32) than during the mid- 
(ﬁg. 1A; p≤0.01) or late-luteal phase (ﬁg. 1B; p≤0.01 - p≤0.001;) of the 
cycle. No signiﬁcant differences in leptin receptor expression in CL were
demonstrated within a cycle or pregnancy (ﬁg. 1C).
Leptin receptor gene expression in OS was signiﬁcantly higher (p≤0.05 
- p≤0.001) during pregnancy than on days 10-12 of the estrous cycle (ﬁg.
2A). Leptin receptor transcript content was also enhanced (p≤0.01) during 
the beginning of the implantation process (days 14-16) in comparison to 
days 14-16 of the cycle. In contrast, no change in OB-Rb mRNA expression 
in OS was found between days 30-32 of pregnancy and 14-16 of the cycle 
(ﬁg. 2B). Similarly, there was no difference in OB-Rb gene expression in
OS between the mid- and late luteal phase. On days 30-32 of pregnancy, 
leptin receptor mRNA expression was lower (p≤0.01) compared to the 
earlier period of pregnancy (ﬁg. 2C).25 Smolinska et al.
Fig.  1.  Expression  of  leptin  receptor  (OB-Rb)  mRNA  determined  by 
semiquantitative  RT-PCR  in  porcine  corpus  luteum  between:  A/  pregnancy 
and the mid-luteal phase of the cycle, B/ pregnancy and the late-luteal phase 
of the cycle, C/ two stages of the cycle and two periods of pregnancy (n=4). 
Upper panels: representative images of agarose gels (MM − molecular marker, C 
– medial basal hypothalamus as a control); lower panels: densitometric analysis 
of leptin receptor mRNA relative to GAPDH mRNA. Values are expressed as 
(means±SEM) arbitrary optical density units (OD). **p<0.01, ***p<0.00126 Leptin receptor expression in the pig ovary
Fig. 2. Expression of leptin receptor (OB-Rb) mRNA determined by semiquantitative 
RT-PCR in porcine ovarian stroma between: A/ pregnancy and the mid-luteal phase 
of the cycle, B/ pregnancy and the late-luteal phase of the cycle, C/ two stages of 
the cycle and two periods of pregnancy (n=4). Upper panels: representative images 
of agarose gels (MM − molecular marker, C – medial basal hypothalamus as   
a control); lower panels: densitometric analysis of leptin receptor mRNA relative to 
GAPDH mRNA. Values are expressed as (means±SEM) arbitrary optical density 
units (OD). *p<0.05, **p<0.01, ***p<0.00127 Smolinska et al.
Fig. 3. In situ hybridization microphotographs of leptin receptor mRNA in corpus 
luteum (CL, a-b), ovarian stroma (OS, c-d) and medial basal hypothalamus (MBH, 
a positive control; e-f) during the mid-luteal phase of the estrous cycle in the pig 
(dark-ﬁeld images). Corresponding bright-ﬁeld images depict hematoxylin-eosin
staining. Insets: negative controls with the sense sequence; magniﬁcation 250×28 Leptin receptor expression in the pig ovary
Fig. 4. In situ hybridization photographs of leptin receptor mRNA in corpus 
luteum  (CL,  a-b),  ovarian  stroma  (OS,  c-d)  and  medial  basal  hypothalamus 
(MBH,  a  positive  control;  e-f)  during  early  pregnancy  in  the  pig  (dark-ﬁeld
images). Corresponding bright-ﬁeld images depict hematoxylin-eosin staining.
Insets: negative controls with the sense sequence; magniﬁcation 250×29 Smolinska et al.
In situ hybridization 
In situ hybridization microphotographs of leptin receptor mRNA in porcine 
CL and OS during the mid- and late-luteal phase of the cycle and on days 
14-16 and 30-32 of pregnancy are presented in ﬁgures 3 and 4.The OB-Rb
transcript content in CL was more pronounced (p≤0.001) during pregnancy 
than during the mid- and late-luteal phase of the cycle (ﬁgs. 5A, B). No
signiﬁcantdifferencesinOB-RbgeneexpressioninCLwerefoundbetween
Fig. 5. Expression of leptin receptor (OB-Rb) mRNA determined by in situ 
hybridization in porcine corpus luteum between: A/ pregnancy and mid-luteal 
phase of the cycle, B/ pregnancy and the late-luteal phase of the cycle, C/ two 
stages of the cycle and two periods of pregnancy (n=4). Values are expressed as 
(means±SEM) arbitrary optical density units (OD). ***p<0.00130 Leptin receptor expression in the pig ovary
days 10-12 and 14-16 of the estrous cycle. In contrast, during pregnancy 
higher expression (p≤0.001) of OB-Rb mRNA was demonstrated on days 
30-32 than days 14-16 (ﬁg. 5C).
Similar to CL, leptin receptor mRNA expression in OS was higher 
(p≤0.001)  during  pregnancy  than  during  the  cycle  (ﬁgs. 6A, B). No
difference was found between the mid- and late-luteal phase of the cycle. 
Contrary to CL, the OB-Rb transcript content in OS during pregnancy was 
lower (p≤0.001) on days 30-32 than days 14-16 (ﬁg. 6C).
Fig. 6. Expression of leptin receptor (OB-Rb) mRNA determined by in situ 
hybridization in porcine ovarian stroma between: A/ pregnancy and mid-luteal 
phase of the cycle, B/ pregnancy and the late-luteal phase of the cycle, C/ two 
stages of the cycle and two periods of pregnancy (n=4). Values are expressed as 
(means±SEM) arbitrary optical density units (OD). ***p<0.00131 Smolinska et al.
Western blotting
The CL expression of leptin receptor protein was lower (p≤0.01 - p≤0.001) 
during pregnancy compared to that of the cycle (ﬁgs. 7A, B). In addition,
no differences in OB-Rb protein expression in CL were found between the 
Fig. 7. Expression of leptin receptor (OB-Rb) protein determined by Western 
blotting in porcine corpus luteum between: A/ pregnancy and the mid-luteal phase 
of the cycle, B/ pregnancy and the late-luteal phase of the cycle, C/ two stages 
of the cycle and two periods of pregnancy (n=4). Upper panels: representative 
immunoblots (MM − molecular marker, C – medial basal hypothalamus as a 
control); lower panels: densitometric analysis of leptin receptor protein relative 
to actin protein. Values are expressed as (means±SEM) arbitrary optical density 
units (OD). **p<0.01, ***p<0.00132 Leptin receptor expression in the pig ovary
examined phases of the cycle as well as between the studied periods of 
pregnancy (ﬁg. 7C).
In OS, a similar level of leptin receptor protein expression was observed 
during pregnancy and the mid-luteal phase of the estrous cycle (ﬁg. 8A).
However, the OB-Rb protein content was higher (p≤0.05 - p≤0.01) during 
Fig. 8. Expression of leptin receptor (OB-Rb) protein determined by Western blotting 
in porcine ovarian stroma between: A/ pregnancy and the mid-luteal phase of the 
cycle, B/ pregnancy and the late-luteal phase of the cycle, C/ two stages of the cycle 
and two periods of pregnancy (n=4). Upper panels: representative immunoblots (MM 
− molecular marker, C – medial basal hypothalamus as a control); lower panels: 
densitometric analysis of leptin receptor protein relative to actin protein. Values are 
expressed as (means±SEM) arbitrary optical density units (OD). *p<0.05, **p<0.0133 Smolinska et al.
the examined stages of pregnancy than during the late luteal phase (ﬁg.
8B). Western blot analysis revealed that during the late-luteal phase of 
the cycle, the leptin receptor protein expression in OS was lower (p≤0.01) 
in  comparison  to  that  of  mid-luteal  phase. There  were  not  signiﬁcant
differences in OB-Rb protein concentration between the examined periods 
of pregnancy (ﬁg. 8C).
DISCUSSION
The ovarian changes of leptin receptor gene and protein expression during 
the luteal phase and early pregnancy in the pig are presented in the current 
study. The OB-Rb gene expression in CL and OS was higher during early 
pregnancy in comparison to the luteal phase of the estrous cycle. In contrast, 
the receptor protein expression in CL was more pronounced during the cycle 
than pregnancy. The observed inverse relationship between the expression 
of the gene and protein may be a result of a negative feedback: a high 
protein concentration may suppress mRNA expression and a high level of 
gene expression may diminish the posttranscriptional processes. Moreover, 
the low concentration of protein accompanied by a high expression of gene 
may also be caused by action of interference RNA (RNAi).
It is of interest that the phenomenon of the enhanced expression of 
OB-Rb mRNA during pregnancy is parallel to a lowered expression of 
leptin mRNA during this period (Smolinska et al., unpublished). Such 
an inverse relationship is also visible at the protein level. Leptin protein 
concentration was higher during pregnancy compared to days 10-12 of the 
cycle (Smolinska et al., unpublished), and the OB-Rb protein expression 
during pregnancy was lower than that of the cycle. In view of these ﬁndings
it is possible that the observed inverse patterns of ovarian leptin and OB-
Rb expression may result from homologous regulation of the receptor 
by the leptin itself. Amico et al. [2] suggested that high leptin level may 
contribute to a decreased leptin receptor number (down-regulation) in the 
hypothalamus. Similarly, Martin et al. [37] indicated that high leptin doses 
caused a lowering of leptin receptor mRNA and protein expression in rat 34 Leptin receptor expression in the pig ovary
hypothalamus. Moreover, an increase in leptin receptor expression was 
demonstrated in hereditarily obese mice (ob/ob) which did not produced 
leptin. In these animals, administration of leptin brought about a decrease 
in leptin receptor transcript concentration [27, 39].
It has been implied that ovarian expression of leptin receptor in rats 
and pigs depends on the stage of the cycle, and is regulated by changes 
in  circulating  steroid  hormone  concentrations.  Studies  on  pig  ovaries 
have shown that leptin receptor gene and protein expression increases 
during luteinization and decreases during luteal regression. Therefore, it 
was hypothesized that leptin receptor expression correlates with maximal 
progesterone  (P4)  concentration  [43].  Similarly,  Duggal  et  al.  [20] 
demonstrated in rats that ovarian content of OB-Rb mRNA was the highest 
during estrus and diestrus I, the periods of increasing P4, and declined 
markedly after P4 fall. In the present study, the luteal expression of the OB-
Rb gene and protein as well as stromal expression of OB-Rb gene were 
not different between days 10-12 and 14-16 of the cycle. However, stromal 
OB-Rb protein concentration was higher during the mid-luteal phase in 
comparison to the late luteal phase of the estrous cycle. It appears that, in 
addition to hormonal milieu, the regulation of OB-Rb protein expression 
may be also determined by the type of ovarian tissue.
The mechanisms by which leptin regulates reproductive functions are 
not very well understood. Hypothalamic and pituitary expression of leptin 
and its receptor in cyclic and early pregnant gilts suggests that, apart from 
adipocyte-derived leptin, also the hormone produced in the central nervous 
system might be involved in the autocrine or/and paracrine regulation 
of the hypothalamic-pituitary-gonadal axis [29, 33, 34, 48, 49]. Leptin 
mRNA and protein were also detected in human granulosa and theca cells, 
follicular ﬂuid, oocytes and CL [3, 14, 28, 35, 56] as well as in murine
granulosa and theca cells, oocytes, CL and ovarian stroma [3, 4, 45, 46]. 
The present pig data coupled with recent results on other species, support 
the hypothesis that ovarian structures are target tissues for leptin. In fact, 
OB-Rb have been found in human granulosa and theca cells as well as in 
mice stromal tissues [1, 14, 30, 45]. In addition, the leptin receptor has 
also been demonstrated in follicular cells, oocytes and CL of rabbits and 35 Smolinska et al.
rodents as well as in granulosa cells and CL of pigs [32, 33, 38, 43, 45, 46, 
59, 60]. Moreover, Ob-Ra gene expression has been detected in porcine 
CL and OS during the mid- and late-luteal phase and early pregnancy 
reaching the highest levels in CL of pregnant animals [10]. The quoted 
data together with the demonstration of OB-Rb (the current study) and 
leptin  (Smolinska  et  al.,  unpublished)  ovarian  expression  during  the 
porcine estrous cycle and pregnancy support the hypothesis that locally 
synthesized leptin participates in the control of pig reproduction acting in 
an autocrine or/and paracrine manner.
The  action  of  leptin  on  ovarian  steroidogenesis  may  represent  such  a 
type of regulation. Numerous studies on different species have shown that 
leptin suppresses ovarian steroid synthesis. Leptin inhibited insulin-induced 
P4 and estradiol (E2) production by bovine granulosa cells, as well as P4 and 
androstenedione (A4) by theca cells [51, 52]. Similarly, this hormone reduced 
insulin-like growth factor-I (IGF-I)-stimulated E2 production by rat and human 
granulosa cells, and A4 by human theca cells [1, 19, 58]. In human granulosa 
cells, leptin also inhibited LH-induced E2 production [30] and hCG-induced P4 
production [12]. Moreover, in porcine preovulatory follicles, leptin suppressed 
basal and IGF-I- and GH-induced E2 production [22, 23].
On the other hand, there are reports demonstrating the stimulatory effect 
of leptin on E2 production by human luteinized granulosa cells [31] and 
basal, LH-, IGF-I- and GH-induced P4 production by porcine preovulatory 
follicles [22, 23]. Finally, some studies indicated that leptin had no effect 
on P4 production by human luteinized granulosa cells [12], E2 and P4 
production by bovine granulosa cells [51], or IGF-I-induced P4 production 
by rat granulosa cells [19]. Such discrepancy in results of in vitro studies 
may be caused by methodological differences as well as it might be species-
dependent. Nevertheless, the conditions determining the direction of leptin 
inﬂuence on ovarian steroidogenesis require clariﬁcation. It has also been 
implied that leptin may affect oocyte maturation [16, 21], angiogenesis 
[43], follicle rupture and subsequent CL formation [23, 44].
The most essential process taking place in the porcine reproductive tract 
on days 14-32 of pregnancy is implantation and embryo development. 
Fluctuations in the expression of leptin and its receptor in reproductive 36 Leptin receptor expression in the pig ovary
organs may indicate that leptin (including the locally produced hormone) 
is involved in the regulation of these processes. Recently Craig et al. [17] 
have reported that long-form leptin receptor is present in the porcine embryo 
from at least the 4-cell stage and leptin, acting via this receptor, promotes 
porcine preimplantation development in vitro. The observed changes in 
the expression of OB-Rb (the present study) and leptin (Smolinska et al., 
unpublished) throughout the implantation period may indicate that leptin 
participates in the control of the implantation process and pregnancy.
In  conclusion,  we  demonstrated  that  there  are  different  patterns  of 
ovarian leptin receptor gene and protein expression during the luteal phase 
of the estrous cycle and early pregnancy in pigs. In addition, the results 
indicate that leptin may participate in the control of pig reproduction by 
action at the ovarian level. Changes in OB-Rb gene and protein expression 
in  porcine  luteal  and  stromal  tissues  strongly  suggest  that  ovarian 
sensitivity to leptin varies throughout the estrous cycle and pregnancy. 
However, further studies are required to clarify the speciﬁc role of leptin
in the control of ovarian function in the pig.
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